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ABSTRACT 

The friction due to the contact between the work piece 
and the tool is one of the key subjects in machining 
research. It is well known that cutting involves three 
deformation zones. The primary shear zone, i.e. the 
shear plane, is responsible for the chip formation 
whereas in the secondary shear zone on the rake face 
the work piece and tool are in a complex state of 
contact. The third region, on the other hand is 
responsible for the ploughing and flank contact. 
Although there are numerous models proposed 
involving, analytical, semi-i analytical, and numerical 
(mostly FEM) based methods, two important inputs 
for these models are the material model parameters 
and the friction coefficient between the tool and the 
work piece material. 

By considering literature surveys, the friction 
behavior in metal cutting operations is analyzed using 
a thermo mechanical cutting process model that 
represents the contact on the rake face by sticking and 
sliding regions. The relationship between the sliding 
and the overall, i.e. apparent, friction coefficients are 
analyzed quantitatively. The sliding friction 
coefficient is identified for different work piece-tool 
couples using cutting tests. In addition, the effect of 
the total, sticking and sliding contact lengths on the 
cutting mechanics is investigated. The effects of 
cutting conditions on the friction coefficients and 
contact lengths are analyzed. 

The cutting tool materials are Uncoated Carbide and 
Coated Carbide tools, and the Work piece material is 
aluminum which is being machined at cutting speed 
ranging from 600 m/min to 1200 m/min with a depth 


of cut 2mm.By considering the experimental results 
for the analysis of Rake Angle and friction behavior 
in metal cutting (Turning), the parameters are 
optimized by using the Taguchi method. For this an 
appropriate orthogonal array has been selected as per 
number of factors and their levels to perform 
minimum experimentations and Minitab software - 
test is performed to check the significance. 

KEYWORD: uncoated carbide tool, coated carbide 
tool, spindle speed, rake angle, taguchi method, mini¬ 
tab software, thermo-mechanical cutting process. 

1. INTRODUCTION TO METAL CUTTING 

Metal cutting is a complex deformation process where 
heat is generated in a small cutting zone. In this 
process, material is removed in the form of chips to 
achieve the desired dimensional accuracy and surface 
finish. It is a highly non-linear and coupled thermo 
mechanical process, where the Mechanical work is 
converted into heat through the plastic deformation 
involved during chip formation and also due to the 
frictional work between work and tool, chip and work 
Figure 1.1 shows the three plastic deformation zones 
in the metal cutting process. The actual chip is formed 
in the primary deformation zone also called the shear 
zone where the work material is bent over the tool 
rake face. In this zone large strains and strain rates 
have been reported. The secondary deformation zone 
shows the chip tool interaction due to sticking friction 
where the chip adheres to the tool rake face and 
sliding friction where the chip slides over the tool 
rake face. The tertiary deformation zone forms the 
region between the tool clearance face and the 
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machined work surface caused mainly due to the 
cutting edge roundness or the presence of a built up 
edge. 



Figure 1: Plastic deformation zones in metal 
cutting. 


Machining process such as turning, milling, boring 
and drilling are among others the most important 
process for discrete part manufacturing. Researchers 
have been studying machining processes for more 
than a century to gain better understanding and 
develop more advanced manufacturing technology. 

2. LITERATURE SURVEY 

There are numerous models are analytical, semi 
analytical and numerical methods. Two important 
input methods for the models are material model 
parameters and the friction co-efficient between the 
tool and the work piece material. These two inputs 
can be considered to be independent of the cutting 
mechanics as they are related to the mechanical and 
physical properties of the materials. Identification of 
the both properties is very critical for accurate 
modeling of the machining process. The focus of the 
work is on the friction characteristics. 

Being a common topic in mechanics, friction has been 
extensively studied in basic sciences; however 
machinery researches have also paid special attention 
to friction due to its importance in cutting process. 
The early studies on the subject concluded that there 
is a direct relationship between the share angle and 
the friction. 


manufacturing environment. Taguchi’s method is a 
systematic application of design and analysis of 
experiments for the purpose of robust designing and 
improved quality. Taguchi achieves this objective by 
making the process insensitive to variations in output 
even though noise is present in the process as 
described by P-diagram (Figure-2). The process is 
then said to have become ROBUST (Y. P Tidke et al 
2014). 


The approach to optimization in Taguchi, for feasible 
and potential combinations of process parameters with 
parametric settings has the attractions for 
manufacturers and designers to implement in real time 
industrial applications. Taguchi parametric design 
approach has been utilized in past years for 
identifying the significant processing parameters and 
optimizing parametric setting. S. H. Tang et al. (2006) 
have analyzed thin plate for war page, while doing 
ANOVA using Taguchi’s L9 orthogonal array. The 
authors screened out melt temperature, packing time 
and packing pressure as significant factors while 
filling time is insignificant towards war page defect. 
Feng, Chung et al. (2006) examined multiple 


3.2 Thermo Mechanical Dual-Zone Model 

The cutting model which is used in this study is 
briefly presented. In this model, the contact between 
the chip and the tool on the rake face is represented by 
a dual-zone approach. Basically, the contact is divided 
in to the sticking and a sliding friction region, which 
was originally proposed by Zorev (see Fig 3.1). In the 
first region, the contact condition is plastic 
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Figure2: Stress distribution on the rake face of the 

tool 


3. METHODS AND METHODOLOGY 
3.1 Taguchi method 

A very useful DoE approach namely Taguchi’s 
Quality function that maximizes the investigated 
process parameter space through minimal number of 
experiments. Taguchi’s approach to quality control 
applies to the entire process of developing and 
manufacturing a product from initial concept to 
manufacturing/production in computer integrated 


Due to the high normal pressure exerted on the tool, 
whereas in these contact regions the contact is elastic 
which can be represented by the sliding friction. 
There are two different friction coefficients that are 
defined on the rake contact. The apparent friction 
coefficient p a is due to the total cutting forces acting 
on the rake face. The sliding friction coefficient p on 
the other hand, is only due to the forces acting on the 
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sliding region on the rake face. The normal pressure 
distribution on the rake face is needed for the 
formulation of forces. The following distribution is 
selected as it issued and verified by several studies. 

0 ~0 

£ 

Where c ’ is the total contact length, x the distance 

on the rake face from the tool tip, and ■- an 
exponential constant which represents the distribution 
of the pressure, and is selected as 3 in the current 
study based on the analysis of the split-tool test 
results. It can be observed from Fig. 1, that the shear 
stress on the rake face is equal to the shear yield stress 

of the material ■ 11 1 along the sticking region with 

f 

length P‘. In addition, the shear stress in the sliding 
region is equal to the product of the sliding friction 

JF 

coefficient ^ ‘and the normal stress (P), according 
to the Coulomb friction law. Therefore, the 
mathematical representation of the shear stress 
distribution on the rake face can be defined as 
follows: 

x<f p 
tiP 

The three important outputs of the model is the total 

contact length '' L \ the sticking length and the 
relationship between the sliding and sticking friction 
coefficients. 


L J+2siift+M 

f 2 sin^cos/.otosrif 



WllL'Rf 

ti _ l s si n fl n cos i/ c cos(0 n + /«- ^ > 

Pu = /(C +1) cos ij f cos 

In the above equations, f is the uncut chip thickness, 
^ the friction angle, ^the normal shear angle, 7c 
the inclination angle, 4s the chip flow angle, and 


the normal rake angle. The proposed contact model 
can be used with any primary shear zone model 
provided that the shear stress at the exit of the shear 
zone is calculated accurately. For the analysis and 
predictions conducted in this study, the thermo 
mechanical primary shear zone model proposed by is 
used. The main assumption in modeling the primary 
shear zone is that the shear plane has a constant 
thickness, and that no plastic deformation occurs 
before and after the shear plane up to the sticking 
region on the rake face 


JOB 

NO. 

CUTTING 

SPEED 

(m/min) 

RAKE 

ANGLE 

(deg) 

STICKING 

CONTACT 

LENGTH 

(mm) 

1 

200 

5 

0.2 

2 

200 

10 

0.4 

3 

200 

15 

0.6 

4 

400 

5 

0.4 

5 

400 

10 

0.6 

6 

400 

15 

0.2 

7 

800 

5 

0.6 

8 

800 

10 

0.2 

9 

800 

15 

0.4 


CONCLUSION 

In this thesis, an investigation of the rake contact and 
friction behaviors in metal cutting operations is 
performed. The friction behavior in metal cutting 
operations is analyzed using a thermo mechanical 
cutting process model that represents the contact on 
the rake face by sticking and sliding regions. 

The total contact length increases by the feed rate and 
decreases by the cutting speed. The apparent friction 
coefficient strongly depends on the relative length of 
the sticking and sliding zones, and sliding friction 
coefficient. It shows that the apparent friction 
coefficient is always smaller than the sliding friction 
coefficient. 

The sticking contact length is strongly affected by the 
cutting speed. For material tool couples, it is observed 
that the contact is almost completely sliding at high 
cutting speeds. For slow and moderate cutting speeds 
the contact involves both sticking and sliding zones. 
However, even at slow speeds the contact is mainly in 
the elastic, i.e. sliding state. For the most practical 
conditions the sticking contact length is less than 15% 
of the total contact. 
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The sliding friction coefficient for various material 
tool couples are identified which can be used for 
further studies. The main parameter that affects the 
sliding friction coefficient observed to be the friction 
speed. However, in some cases the sliding friction 
coefficient is observed to have a slight dependency on 
the feed rate which affects the average pressure on the 
rake face. 

It is analytically and experimentally shown that the 
true representation on the friction behavior on the rake 
face should include the sliding and sticking friction 
regions, it is observed that the friction model affects 
the accuracy of the feed force predictions more than 
the cutting force predictions. 

Based on the cases considered in this study, it can be 
concluded that the total and sticking contact lengths 
are approximately 3-4 and 0-1 times the feed rate, 
respectly, both decreasing with the cutting speed. 

Optimization of parameters in turning using MINI 
TAB software of Taguchi method Mild steel with un 
coated carbide tool is at optimal value for the 
parameters. 

Cutting speed is 400 m/min Rake angle is 5 deg 
Sliding contact length is 0.6 mm aluminium with 
coated carbide tool at optimal value for the parameters 
Cutting speed is 600m/min Rake angle is 5 deg 
Sliding contact length is 0.2 mm 
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